The indirect infant mortality rate estimate for 1995-97 is of 37.5 deaths per thousand live births, about six times higher than in the lowest mortality countries in the world. Perinatal causes account for 57% of all infant deaths, and congenital malformations are responsible for 11.2% of these deaths. Mortality levels are highest in the Northeast and North, and lowest in the South and Southeast; the Center-West falls in between. Since surveys of the North region do not cover rural areas, mortality for this region may be underestimated.
INTRODUCTION
Infant and child mortality levels for Brazil are not compatible with the country's economic potential. Brazil ranks in 85th place among the world's 192 nations ranked according to under-five mortality. 1 Although progress has been made in recent years, further interventions are clearly necessary for improving the survival of our children.
The conceptual framework guiding the present analysis is based on that proposed originally by Mosley and Chen 2 and further developed by others. 3 The diseases leading to the fatal outcome -for example perinatal conditions -constitute the immediate (or proximate) causes of death. Their occurrence is ultimately determined by macro-level social, economic and cultural factors -such as income, education and land tenure -which constitute the distal determinants of mortality. These factors influence the occurrence of the immediate causes of death by affecting intermediate-level determinants, either by increasing exposure to risk factors (for example, poor nutrition during pregnancy, etc) or by decreasing access to protective factors (for example, antenatal and delivery care, etc).
In this review paper, we provide a description of levels and trends in infant mortality due to perinatal causes and malformations and assess the likely impact of changing intermediate-level determinants, many of which are amenable to direct interventions through the health or related sectors. The importance of distal determinants cannot be over-emphasized. These are historically responsible for the high levels of mortality in the country and for the sharp regional inequalities, but being less amenable to direct, short-term interventions, they will not be addressed in this review. In the evaluation of risk factors for mortality, special care was taken to rely on studies in which the confounding effects of socioeconomic status were controlled for. This will help identify interventions that are causally related to mortality, rather than factors whose association with mortality is spurious, resulting from their higher frequency in poor households.
We start by reviewing available studies of the proximate and indirect determinants of infant mortality due to perinatal causes in Brazil. We then analyze data sources on infant mortality, and describe recent time trends and geographical distribution according to the five regions of the country (North, Northeast, Southeast, South and Center-West).
Next, the effectiveness of available interventions against perinatal causes is reviewed, and existing data on the current coverage of these interventions are presented. Based on these data and on informed judgement, the relative effectiveness of the various interventions will be judged. Finally, the feasibility of increasing the coverage of each intervention will be addressed, and specific recommendations for action will be made.
METHODS

Mortality data sources and methods
Two main sources of infant mortality data were used in this review: indirect mortality estimates based on demographic censuses and surveys, and rates based on registered deaths. Each of these sources has advantages and disadvantages, which are outlined below.
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CONTEXT: Brazilian infant and child mortality levels are not compatible with the country's economic potential. In this paper, we provide a description of levels and trends in infant mortality due to perinatal causes and malformations and assess the likely impact of changing intermediate-level determinants, many of which are amenable to direct interventions through the health or related sectors.
TYPE OF STUDY: Review paper.
METHODS:
Two main sources of mortality data were used: indirect mortality estimates based on censuses and surveys, and rates based on registered deaths. The latter were corrected for under-registration. Combination of the two sources of data allowed the estimation of cause-specific mortality rates. Data on current coverage of preventive and curative interventions were mostly obtained from the 1996 Demographic and Health Survey. Other national household surveys and Ministry of Health Statistics were also used. A thorough review of the Brazilian literature on levels, trends and determinants of infant mortality led to the identification of a large number of papers and books. These provided the background for the analyses of risk factors and potential interventions.
Indirect estimates from census and surveys.
The methods developed by Brass and Trussel 4 allow the estimation of infant and child mortality rates from census and survey information. Women of reproductive age are requested to answer questions on the number of children ever born and of children surviving, as well as on births in the preceding 12 months. Such information is modeled to provide mortality estimates for different ages in childhood.
A recent publication from the Brazilian Institute for Demography and Statistics (Instituto Brasileiro de Demografia e Estatística -IBGE) and the Ministry of Health 5 provides regional mortality trends based on the 1980 and 1991 Demographic Censuses, and on the National Household Surveys (Pesquisas Nacionais por Amostragem Domiciliar -PNAD) of 1992 through 1996. In the present document, results from this publication as well as special tabulations provided by C. Simões were used to describe regional mortality levels and trends between 1980 and 1998.
Results from these different censuses and surveys were smoothed using a logistic function and extrapolated to provide mortality estimates up to 1998. A possible caveat to be taken into account when interpreting these results is that due to the curve-fitting procedure, shortterm mortality fluctuations are not apparent and relatively smooth curves are produced.
The estimates derived by IBGE are close to those obtained through the 1996 National Demographic and Health Survey, part of the global DHS initiative. This survey 6 -hereafter referred to as 1996 DHS -provided regional estimates of infant mortality for 1991, of 43 (North -urban areas only), 74 (Northeast), 38 (Southeast), 25 (South) and 39 (Center-West) deaths per 1,000 live births. For the same year, the rates estimated by IBGE were respectively, 42, 71, 32, 26 and 30. The national IMR for 1991 was equal to 48 according to DHS and 45 according to IBGE.
Official mortality statistics. Information on all registered deaths in Brazil are collected by local registrars and forwarded to the State Secretariats of Health, where these are compiled and sent to the Ministry of Health in Brasília. The Mortality Information System (Sistema de Informações de Mortalidade -SIM) is available online 7 and provides mortality information up to the end of 1997. The following ICD-BR codes were used to identify deaths due to perinatal causes: code 045 for 1979-95 (9 th revision of the ICD) and codes 092-096 for 1996-97 (10 th revision). For congenital malformations, the respective ICD codes were 044 and 097-099.
The main problem affecting official statistics is the under-registration of deaths. The above-cited publication by Simões 5 estimates that, in 1996, the following percentages of all deaths were not registered: North (41.3%), Northeast (44.9%), Southeast (1.7%), South (1.8%) and Center-West (17.4%). The national rate was 19.1%. For infant deaths, the corresponding under-registration estimates were 52.2%, 66.7%, 6.5%, 13.6% and 23.9%, the national rate being equal to 43.7%. It is likely that most deaths that are not registered occur in the rural areas of the North and Northeast, and causes of death that are particularly common in these areas -for example, infectious diseases -may be underestimated.
A possible problem with the IBGE estimates is that the late-1990s mortality levels were based on projections from early-1990s data. Since under-registration is estimated by dividing registered deaths by the expected number of deaths based on indirect estimates, an apparently high rate of under-registration will be observed if mortality rates are falling faster than predicted by the IBGE estimates. However, there is no way to assess the magnitude of this problem until the year 2000 demographic census provides new estimates of mortality levels in the late 1990's.
Under-registration of births can also distort infant mortality estimates. Although the Ministry of Health computerized birth records system (SINASC -Sistema de Informaçoes sobre Nascimentos) has improved substantially in recent years, its coverage is still low in areas with many home deliveries. Under-registration of births can be overcome by using census information on the number of children under one year of age to estimate the number of live births. The estimates calculated by Simões 5 were used. Information on registered deaths was used to calculate proportionate infant mortality ratios (proportion of infant deaths relative to all deaths at all ages) and proportionate infant mortality due to perinatal causes and malformations. Since all of these proportions use as denominators the numbers of registered deaths, they are less affected by under-registration (since this would also affect their denominator).
A further problem that may affect causespecific analyses is the high proportion of deaths attributed to ill-defined causes (including deaths without medical assistance and those attributed to non-specific signs and symptoms). This proportion is particularly high in the North and Northeast regions, 16.0% and 25.5% in 1995-7, respectively. These deaths were excluded from the denominator for the calculation of causespecific proportionate mortality.
To estimate infant mortality rates due to perinatal causes (per thousand live births), the proportions of registered deaths due to perinatal causes were multiplied by the indirect estimate of the infant mortality rate. These causespecific rates were then multiplied by the estimated number of live births to calculate the annual absolute number of deaths by cause for 1995-7.
Literature review of determinants of infant mortality
A systematic review of the scientific literature from 1970 to 1999 was performed in three major databases, MEDLINE (National Library of Medicine, USA), POPLINE (Johns Hopkins University, USA) and LILACS (Latin American Literature on Health Sciences, Regional Library of Medicine, Brazil). While MEDLINE is restricted to articles published in indexed journals, both POPLINE and LILACS also include unpublished research such as conference proceedings, book chapters and research reports.
Over 300 papers were identified in these three databases. A short list of possibly relevant papers was drawn and copies of these papers were obtained for review. Among these papers, we selected high-quality studies in which under-reporting of deaths was avoided, either by active surveillance of deaths or because the study was carried out in an area with low rates of under-registration. Whenever the high-quality Brazilian literature was restricted, international sources were used, preferably meta-analyses when available. This list was complemented by personal contacts with relevant institutions including PAHO, UNICEF, IBGE, the Ministry of Health and BEMFAM (the institution in charge of the DHS surveys in Brazil). The results of this literature review are presented below in the following sections.
Infant mortality levels and trends
The time frame for the present analyses was defined on the basis of data availability. Registry-based information on the number and causes of death is available up to 1997, and projections of indirect infant mortality estimates are available up to 1998, based on actual data from the early 1990s. Since most of the information on underlying determinants of mortality came from the two DHS surveys (1986 8 and 1996 6 ), mortality rates were averaged for two three-year periods (1985-7 and 1995-7) and the analyses were based on a comparison between these periods. The use of three-year averages resulted in mortality measures that were less affected by annual fluctuations. IMR levels post-neonatal mortality tends to fall faster than neonatal mortality, when a low IMR is reached this tendency may revert. This is because a very low level of post-neonatal mortality has already been reached and greater progress can then be made against neonatal deaths. This may be the case for the South, which showed the lowest level of reduction. These observations are also consistent with those on proportionate mortality due to perinatal causes and malformations and with the estimated IMR's due to perinatal causes and malformations, also shown in Table 1 . The latter estimate was obtained by multiplying the indirect IMR by the cause-specific proportions of registered deaths, and should be interpreted as the number of deaths per thousand live births.
The leading cause of registered infant deaths in Brazil is perinatal conditions, which accounted for 46.5% of infant mortality in 1985-7 and 56.8% in 1995-7. This relative increase in proportionate mortality was observed for all regions, but the estimated national IMR due to perinatal causes was reduced from 29.0 to 21.3 per thousand. The rates are highest in the North/Northeast and lowest in the South/ Southeast.
The second leading cause of registered infant deaths in 1995-7 were malformations, which overtook diarrhea and respiratory infections during the decade. These deaths are remarkably hard to prevent so that their relative weight tends to increase when mortality falls: for Brazil as a whole, the increase was from 7.1% to 11.2% of all infant deaths in the decade under study. The national IMR due to malformations remained stable: 4.4 and 4.2 per thousand. The apparent increase in the Northeast may also be attributed to improved certification. The fact that malformations show little variability from one region to another is a good indicator of data consistency.
The third cause of infant deaths in the country was acute respiratory infections, mostly pneumonia, followed by diarrhea and other infections (data not shown). Table 2 lists the major potential interventions against infant deaths due to perinatal causes and malformations. Available indicators of the current coverage of these interventions, by region, are shown in Table 3 . Perinatal causes are responsible for 56.8% of all infant deaths in Brazil. This estimate does not include stillbirths, since infant mortality rates are restricted to live born children. The Northeast has the highest rates (Table 1) , and there has been little progress in the last decade, whereas most other causes of infant deaths decreased sharply. Success in reducing infant mortality in Brazil will therefore be largely based on an effective impact against perinatal deaths.
Potential interventions against perinatal-cause mortality
Of all perinatal-cause infant deaths in 1996-97, 60.7% were due to respiratory and cardiovascular conditions specific to the perinatal period, 8.4% were due to problems affecting fetal growth and/or duration of pregnancy, 6.9% due to perinatal problems related to pregnancy complications, 0.3% due to birth trauma and 23.7% due to the remaining problems originated in the perinatal period. It was not possible to further subdivide the respiratory and cardiovascular conditions for those years, but in a study The following interventions are potentially effective for reducing mortality due to perinatal causes.
Improving antenatal care. Adequate antenatal care (ANC) can reduce mortality by detecting and treating maternal diseases (for example, syphilis, diabetes, hypertension, HIV/ AIDS, and other infections), improving maternal nutrition, vaccinating against tetanus and providing health advice on smoking and drinking. This would reduce perinatal deaths due to preterm delivery, low birth weight, respiratory distress syndrome and maternal conditions.
Appropriate ANC requires that such services be accessible to pregnant women (in terms of geographical location and opening hours), affordable, and of adequate quality. Available indicators for ANC utilization in the Brazilian regions include the proportion of pregnant women who did not attend ANC, the proportion starting ANC in the first trimester of pregnancy, and the mean level of ANC attendance. The only proxy indicator available on the ANC quality is the proportion of women who received two or more immunizations against tetanus during pregnancy. Like most indicators in Table  3 , these are based on the 1996 DHS 6 and refer to children born in the five years preceding the survey. Table 3 shows that 13.2% of Brazilian mothers failed to attend any ANC sessions, ranging from 4.9% in the South to 25.2% in the Northeast. Ideally, ANC should start in the beginning of pregnancy to allow the detection and early treatment of complications. Two thirds of Brazilian mothers who attended ANC had a first consultation within the first trimester, ranging from about 80% in the South to just over 50% in the Northeast. The mean number of ANC attendances was adequate (7.4) for the country as a whole, ranging from 8.3 in the South to 6.3 in the North and 6.4 in the Northeast.
Regarding the quality of antenatal care, about 45% of the women received two or more doses of tetanus vaccine during pregnancy. This proportion was slightly lower in the Southeast (38%) and was close to 50% in the other four regions. A further 13.2% of Brazilian mothers received a single dose. Other indicators of ANC quality are not available on a regional basis, but reports from different parts of the country suggest that poor quality is probably a greater problem than low utilization. 11 A study from Southern Brazil 12 showed that ANC quality was particularly poor for women with high gestational risk levels, who did not have access to private physicians nor to private health insurance.
Five studies provided quantitative information on the impact of antenatal care on child survival, controlling for confounders. [13] [14] [15] [16] [17] Such adjustment is essential since mothers with fewer attendances also tend to present other social and biological risk factors. Most studies investigated early neonatal mortality -rather than mortality due to perinatal causes -but these are largely overlapping. These studies were carried out in different settings, at different times, and used different ANC categories for presenting results, but all showed a protective effect of antenatal care. Taking together the results of the three betterdesigned studies [13] [14] [15] mothers with fewer than five attendances were at about 2.5 times greater risk than those with 5 or more attendances.
Assuming that the percentages of mothers with fewer than five ANC attendances could be reduced by half (from 31.9% to 16.0%), one would theoretically prevent 16.2% of all perinatal-cause deaths. These calculations have to be interpreted with due caution due to the many underlying assumptions, but they do suggest that improving antenatal care could have a substantial impact on mortality. Existing data are not sufficient to estimate the likely impact of improving the quality of antenatal care.
Improving delivery practices and neonatal care. Adequate delivery care can reduce deaths due to anoxia, hypoxia and other respiratory conditions, and decrease neonatal infections, including tetanus. Appropriate care of neonates can ensure the survival of preterm and low birth weight babies that would otherwise die. Appropriate respiratory care can substantially decrease the mortality due to respiratory distress syndrome and other respiratory conditions. Table 3 shows that over 90% of all deliveries in Brazil take place in a hospital, ranging from 81.9% in the North to 97.4% in the South. Skilled health workers -including doctors or nurses -are in charge of 87.7% of all deliveries, from 75% in the North to 96.4% in the CenterWest. The sharp regional inequities observed for ANC are therefore also present for delivery care. We were unable to obtain indicators of neonatal care on a national or regional basis.
Since most Brazilian studies on neonatal survival are hospital-based, only one study provided information on mortality levels for babies delivered at home and in a hospital. 13 This was carried out in a rural Northeast community and showed an adjusted relative risk of 1.2 (0.5-2.8) for neonatal mortality among homedelivered, compared to hospital-delivered, nonreferred babies. After controlling for the existence of complications, babies who were planned to be delivered at home but had to be referred to a hospital presented a relative risk of 0.3 (0.1-1.4) of neonatal death. This reduction in risk is suggestive but not statistically significant.
The cesarean section rate in Brazil is one of the highest in the world, accounting for 36.4% of all births; the rate is lowest in the Northeast (20.4%) and North (25.5%) but represents almost half of all births in the Southeast, South and Center-West. According to the 1996 DHS, most births (52.1%) in São Paulo State are through a cesarean section.
Whereas improving delivery and neonatal care is very likely to reduce mortality, the situation for cesarean sections is more complex. Very low levels of cesarean sections increase mortality by exposing babies to the risk of birth trauma and anoxia or hypoxia. On the other hand, high cesarean rates indicate that many of these operations are elective. Errors in the calculation of gestational age can lead to preterm delivery. 18, 19 WHO recommends that not more than 15% of all deliveries should be done through a cesarean section. 20 Reducing cesarean section rates is a very difficult task because it involves different sectors of society.
21 Doctors used to be paid more for a cesarean section than for a vaginal delivery; although this is no longer the case, this may have been the factor that started the sharp increase in operations. Even if payment is the same, a cesarean section delivery takes less than one hour, while a vaginal delivery can take many hours; this is another powerful incentive. Mothers have been taught that cesarean sections are painless and carry no greater risk than vaginal delivery; high-income mothers have the highest cesarean section rates, and low-income mothers associate cesarean sections with the optimal medical care to which they also aspire, so they often attempt to persuade doctors to operate on them. 22 Finally, since until recently sterilization was illegal in Brazil, mothers often requested doctors to do a cesarean section in order to carry out a simultaneous "hidden" tubal ligation; 18 since social security did not cover this procedure, the family made an additional payment to the doctor.
There is no proven efficacious intervention for preventing unnecessary cesarean sections. A promising approach, now being tested in six Latin American countries, is to request a second medical opinion before a cesarean section. 21 An additional concern is that cesarean section rates are lower for high-risk than for lowrisk women, 19 since the latter are often private patients. Therefore, even in the presence of high rates, women at greatest need may still fail to get the cesarean section they need.
Only two Brazilian studies have investigated the association between cesarean sections and neonatal mortality. In Pelotas (South), babies delivered through a cesarean section had 1.6 times greater risk of death than those delivered vaginally. 16 On the other hand, in Maringá (also in the South), normal delivery was associated with a 2.2-fold increase in death due to perinatal causes. 23 In neither study were socioeconomic variables or level of gestational risk controlled for. Also, elective cesarean sections were not separated from non-elective; this may bias the results since delivery complications may often lead to a cesarean section.
No studies were found on the effect of neonatal care on mortality. However, there is indirect evidence for such an effect. Comparison of two birth cohorts in Pelotas (South region) showed that low birth weight rates increased slightly between 1982 and 1993, 24 but nevertheless neonatal mortality rates were reduced by about 30%, from 20.1 to 14.3. In 1982, there were no neonatal intensive care units in the city, but by 1993 the three major maternity hospitals had such units. For the state of Rio Grande do Sul, low birth weight rates remained stable between 1980 and 1992 but neonatal mortality fell by 45%. 25 During this period, there was a large expansion in neonatal intensive care in the state.
Given the small number of studies on mortality levels associated with place of delivery, cesarean sections and neonatal care services, and also due to the difficulties in interpreting these studies, it is not possible to carry out a formal simulation of the likely impact of these factors on mortality. However, accumulated knowledge suggests that increasing the rate of hospital deliveries, avoiding unnecessary cesarean sections, and improving neonatal care, will have a beneficial effect on neonatal mortality. There is considerable room for improvement in all of these areas in Brazil.
This conclusion is reinforced by the fact that perinatal and neonatal mortality levels in Brazil are quite high relative to the frequency of low birth weight. Studies from Pelotas (South) 26 and Fortaleza (Northeast) 27 show exceedingly high perinatal mortality among babies with a normal birth weight, who were growing well in utero and probably died due to poor delivery care. Also relevant is the observation that in developed countries about 6% of infants are of low birth weight, and yet infant mortality is around 6 per thousand, or about seven times lower than in Brazil. 1 Interventions to improve delivery care include the training of traditional birth attendants (TBA's) in rural areas 28 but a functional referral system is essential since most complications cannot be dealt with appropriately by these workers. 29 Since over 90% of all births take place in a hospital, training of staff and improving equipment and supplies is a priority area.
Preventing low birth weight. Low birth weight (LBW) is defined as a birth weight < 2500 g. It is determined by two separate processes: the duration of gestation and the rate of fetal growth. Thus, a fetus or newborn infant can have LBW either because he/she is born early (preterm birth) or is born small for his/her gestational age (small for date), and the most important reason for it is intrauterine growth restriction (IUGR)
. In Brazil, about half of LBW infants are preterm and half are small for date. 14, 30 A recent review 31 showed that the main causes of preterm birth include genital infections, multiple births, maternal hypertension, low prepregnancy body mass index, uterine dysfunction and maternal heavy work. On the other hand, the leading causes of IUGR are low energy intake during pregnancy, ethnic factors, low prepregnancy body mass index, short stature and cigarette smoking. Therefore, low birth weight is a combination of different conditions that require distinct interventions. Appropriate antenatal care will address most of these conditions, but the nutritional status of mothers before and during pregnancy also has an impact. Table 3 shows the available information on LBW according to two sources: the 1996 DHS survey (where mothers were asked to recall the birth weights of children born in the last five years) and SINASC. Both sources provide remarkably good agreement -the maximum difference is by two percent points for the CenterWest. Reported birth weights show good agreement with actual birth weights, 32 but mothers were unable to recall the birth weight for one in five children in the Northeast, and one in seven in North. This was mostly due to home deliveries in which birth weight is not routinely measured. Since home delivered babies are more likely to belong to poor, rural families, rates of LBW for the North and Northeast may be underestimated.
However, even studies from public sector hospitals in the Northeastern state capitalswhich cater to the urban poor -show relatively low rates of LBW: 7.4% in Fortaleza 27 and 7.6% in Natal.
14 Two studies from rural areas in Ceará state also found low LBW rates for children examined by traditional birth attendants: 5.0% 28 and 5.5% 13 , although the weighing equipment was not standardized. The PACS -Programa Nacional de Agentes Comunitários de Saúde (National Program of Community Health Workers) keeps a large number of low-income urban and rural communities under permanent surveillance. In 140 municipalities of Ceará state (Northeast), the mean LBW prevalence in 1994-6 was 5.1%, with a range from 0.1 to 20.7% and a standard deviation of 4.5 percentage points. 33 Taking a worst case scenario, we assumed a 15% LBW prevalence when mothers were unable to provide birth weight information in the DHS (Table 3 ). Even after this correction, regional differences were remarkably small.
There are several Brazilian studies providing information on relative risks of infant mortality associated with LBW. All studies show increased risks of mortality for LBW babies. The three studies having infant mortality as the outcome 13, 34, 35 show relative risks of 11.0, 9.7 and 6.1. Studies that separated preterm from growth-restricted LBW babies have shown that infant mortality among the former is at least twice as high as for the latter. 14, 30, 35 Preventing low birth weight, when baseline levels are not very high, as is the case for Brazil, is not an easy task. One promising intervention is detection and treatment of asymptomatic bacteruria in pregnancy; a recent meta-analysis 36 showed a 40% reduction in preterm deliveries among women with bacteruria but its author advised caution in the interpretation of these results due to methodological deficiencies in the studies. Detection and treatment of bacteruria is a standard component of ANC recommendations in Brazil.
Even in Southern Brazil where health care is among the best in the country and mortality is lowest, LBW rates have been stable or even increasing during the last couple of decades. 24, 25 The national prevalence estimate of 8.5% is only slightly higher than the current 6.0% prevalence in developed countries and considerably lower than the global estimate of 18% for less developed countries. 1 Based on a relative risk of 9.0 for infant mortality among LBW babies, a reduction from 8.5% to 7.0% would prevent 8.3% of all infant deaths.
Two specific approaches for improving LBW -improving maternal nutrition and reducing smoking during pregnancy -are discussed below.
Improving maternal nutrition. Improving women's nutrition may help prevent LBW, since both preterm deliveries and intra-uterine growth restriction are more common among malnourished women. Two nutritional indicators are often used for mothers, BMI (body mass index, calculated by dividing weight in kg by the square of height in cm), and height. BMI's below 18.5 kg/m25 reflect overweight and are associated with an increased risk of mortality due to chronic diseases. 37 Table 3 shows that mothers are tallest in the South and Southeast and shortest in the North and Northeast. A similar pattern was observed for body mass index, but women from the Center-West also presented lower levels. Few women had a BMI under 18.5: the highest prevalence was in the Center-West (8.1%), and the lowest in the South (2.7%).
Brazilian studies confirm the well-known association between maternal nutrition and birth weight. 31, 38, 39 Two studies showed an association between anthropometry and early neonatal mortality. In Pelotas (South) 16 maternal pre-pregnancy weight was associated with mortality in the unadjusted analysis; maternal height was initially associated but this was no longer significant after controlling for family income. In Natal (Northeast) 14 babies whose mothers weighted less than 50 kg were 1.4 times (1.0-1.8) more likely to die. The small number of studies and the format in which their results are presented do not allow impact estimates to be derived.
In any case, the feasibility of improving anthropometric indicators in large populations is limited. Adult height is largely determined in early life, so that current interventions will take a long time to reach an effect. Also, the secular trend in growth is present in all Brazilian regions and, although it may have slowed down recently, women's heights are continuing to increase over time. 40 Screening high-risk mothers -for example, those with low BMI or short stature -is a possible alternative. Unfortunately, however, available data suggest that the risk approach is not very effective, 41 since screening based on these anthropometric has both low sensitivity and low specificity. 41, 42 In other words, screening both fails to pick up many women with adverse pregnancy outcomes and identifies many women as being at risk who have normal pregnancy outcomes. Also discouraging is the low efficacy of the interventions themselves. Maternal energy supplementation has been shown to result in only a modest increase in energy intake, since much of the supplement appears to displace the normal diet. 43 The consequence has little impact on fetal growth and no clear impact on the duration of gestation. Thus, many women would have to be screened and treated to prevent a few cases of IUGR or preterm birth. The combination of the low sensitivity of anthropometric screening and low efficacy of the intervention indicates that such a risk approach would make only a small dent in the overall prevalence of adverse pregnancy outcomes, even in developing countries where they are quite common. 31, 41 A population approach -encouraging all mothers to eat more during pregnancy -is likely to increase obesity rates 31 which are already rising in Brazil, particularly in the Northeast. 44 The mean BMI levels in Table 3 are already quite close to the maximum recommended level of 25.
Reducing maternal smoking. In the 1989 National Health and Nutrition Survey (PNSN), 27.1% of women aged 15-49 years were smokers (special tabulations provided by the National Cancer Institute). No regional estimates are available. A review of the Brazilian literature 45 showed that prevalences of smoking among pregnant women were of similar magnitude. This review confirmed the international literature 31 : there were clear effects of maternal smoking on low birth weight and intrauterine growth restriction; effects on preterm deliveries were not consistent, but tended to show that children of smokers were at a higher risk. Brazilian studies on smoking and mortality -mainly perinatalshowed relative risks ranging from 1.0 to 1.4. 45 Three studies detected significant differences, while four found no differences.
An international meta-analysis of the efficacy of smoking cessation programs in pregnancy showed a 49% reduction in smoking, a 19% decrease in low birth weight and an 18% non-significant reduction in preterm birth, but no effect was detected for very low birth weight or perinatal mortality. 46 Based on this literature, there is a possible effect of smoking on early mortality, but the increase in risk appears to be very small.
Promoting family planning. The Brazilian literature shows that three variables related to reproductive behaviors are associated with increased infant mortality: teenage pregnancies, short birth intervals and high parity. Table 3 shows that mothers aged less than 20 years accounted for 18.1% of deliveries reported in the 1996 DHS. This proportion was highest in the North (23.5%) and Northeast (20.6%) and lowest in the South and Southeast (16.2% in each). Of even greater concern is the fact that teenage pregnancies are on the increase: in the 1986 DHS 8 , 10.5% of women aged 15-19 years had already had a live birth whereas ten years later this proportion had increased to 14.3%. 6 In the 1996 DHS, indirectly-estimated infant mortality for mothers aged under 20 years was 30% higher than for those aged 20-29 (the lowest risk category) 6 . These data were not adjusted for socioeconomic factors, and such adjustment is important because many teenage mothers come from poor families and poverty may confound the results. Results of four studies that took into account socioeconomic confounders 13, 16, 17, 47 showed no evidence that children of teenage mothers have an increased risk of mortality, a finding which is in agreement with a recent international review. 48 Infants born to very young mothers (say, under 15 years) may be at higher risk but they are relatively few compared to those of mothers aged 18-20 years, who show no greater risk than women from other age groups.
Results on birth intervals are more compelling. Nationally, 29.2% of all births take place after a short (< 24 months) birth interval, but this proportion ranges from 18.1% in the South to 37.7% in the Northeast (Table 3 ). This shows a substantial reduction from the 46.3% national rate observed in the 1986 DHS.
In the 1996 DHS, short intervals were associated with a 2.2 times higher risk of underfive mortality, 6 but these results were not adjusted for socioeconomic confounders which may exaggerate the effect. Three Brazilian studies that adjusted for socioeconomic confounding show increased mortality risks for children born after a short birth interval although not all differences were statistically significant. 47, 49, 50 It is difficult to pool these results into a single estimate because different cutoff points were used, but it appears that birth intervals under 24 months are roughly associated with a 1.5 to 2-times greater risk of infant death. Using a pooled risk of 1.8, reducing by half the proportion of birth intervals under 24 months would lead to a 9.5% reduction in the number of infant deaths.
The role of high parity, or birth order, as a risk factor for infant mortality was also examined. The 1996 DHS tabulations do not provide a breakdown of birth order by region, but Table 3 shows that the total fertility rate (mean number of children had by women who completed their reproductive life) is highest in the Northeast (3.1) and lowest in the Southeast (2.2).
In the 1996 DHS, 6 under-five mortality was 60% higher (relative risk of 1.6) among children with a birth order of three or more; these results are not adjusted for socioeconomic status, and there was no significance testing. All four Brazilian studies with confounder-adjusted relative risks tended to show some increase in risk for children of high birth order, but none were statistically significant. 13, 15, 17, 49 The velocity of fertility decline in Brazil is one of the fastest in the world: the total fertility rate decreased from 6.3 in 1970 to 2.6 in 1995. 51 This trends continues, and the country is likely to reach replacement fertility by the year 2015.
In the 1996 DHS, 76.7% of women in a steady relationship were using contraceptive methods 6 (Table 3) .
Potential interventions against mortality due to congenital malformations
As other causes of death are being controlled, congenital malformations are playing a larger proportionate role. They are now the second cause of infant mortality in the country, accounting for 11.2% of these deaths. In 1997, cardiovascular defects accounted for 39.4% of all infant malformation deaths, and the nervous system for 18.8%. Table 1 shows that regional variability is minimal, since these deaths are extremely difficult to prevent in all parts of the world.
Strategies to reduce death rates due to congenital malformations include: ensuring an adequate folate intake around the time of conception, either by using vitamin supplements 53 or through food fortification; 54 avoidance of alcohol and of any drugs or medicines during pregnancy; treatment of diabetes before conception and continued control during pregnancy; and fetal screening and selective abortions.
Diagnosis and treatment of diabetes, as well as advice on alcohol and drugs, should be part of high-quality antenatal care. Investments in ANC aiming at reducing maternal and perinatal-cause deaths should also contribute to a reduction in malformations. Folate fortification or supplementation is still not being considered as a Public Health measure. Inducing abortions because of malformed fetuses is illegal in Brazil.
There are no data on the coverage of these interventions at regional level. Each one of these measures addresses one or a few specific types of malformations that only account for a small Table 4 . Potential impact and feasibility of interventions against infant mortality due to perinatal causes in Brazil
Intervention
Improving antenatal care
Assumptions
Reducing by half the current proportion (31.9%) of women with less than 5 attendances Improving the quality of antenatal care
Increasing the proportion of deliveries by a trained professional Improving the quality of delivery care in hospitals Avoiding unnecessary cesarean sections Current rate of 8.5% could be lowered to 7.0% (developed countries rate is currently 6.0%) Improving maternal body mass index and improving maternal height.
Reducing smoking from the current rate of 27%. 
Current levels and trends in risk factor or intervention
The mean number of attendances is adequate but many high-risk women have too few attendances Little information is available but average quality appears to be poor 86% of all births are already assisted by a doctor or nurse, and this rate has been increasing steadily.
The high perinatal mortality of babies with appropriate birth weight suggests that quality is poor 36% of all deliveries are by a cesarean section, and this is still rising. But there is no strong effect on infant mortality. proportion of all birth defects. Therefore, neither of them is likely to have an important impact on infant mortality.
Prioritizing interventions against perinatal causes
A primary strategy for reducing mortality due to perinatal causes is to improve equity in regional terms. Mortality rates are consistently higher in the Northeast and North relative to the other three regions. Of particular concern are mortality levels in rural areas. The 1996 DHS estimates that the indirect IMR was 55% higher in rural than in urban areas. Intervention coverage levels are also systematically lower in these areas. 6 While health statistic levels in the Northeast are the least favorable, for most of them, rural areas in the North region are not covered by surveys, and few if any deaths in these remote areas are registered. Since almost 40% of the North's population is rural -the highest proportion in the country -and mortality is higher in rural than in urban areas, true levels of health in the North must be at least as poor as in the Northeast. Both regions, therefore, should deserve the highest priority in order to improve equality.
The following sections address possible interventions against mortality due to perinatal causes and malformations. Table 4 summarizes these interventions and -whenever possibleestimates their potential impact on overall infant mortality.
Need to prioritize delivery and antenatal care
According to Table 4 , antenatal and delivery care are potentially the highest impact measures for further reduction of infant mortality. Perinatal-cause mortality is particularly high in the Northeast and North, and interventions against perinatal causes are expected to reduce infant mortality rates.
It is hard to make a precise estimate of the potential contribution of improving standards of delivery and antenatal care, but the high levels of perinatal mortality given the moderate rates of low birth weight point out to serious shortcomings in delivery care.
Interventions in this area include ensuring at least five antenatal attendances to every woman, ensuring that all births are attended by a skilled health worker (such as a doctor or a nurse), and particularly retraining and supervising health staff in antenatal and delivery services. Nationally, there is an urgent need to improve quality of care in hospitals, where almost 90% of births now take place. In rural areas, traditional birth attendants will have to be trained to refer women with delivery complications.
Need for birth spacing interventions
Reducing by half the proportion of birth intervals that are under 24 months can theoretically prevent 9.5% of infant deaths. Although family planning is now used by three quarters of women in stable relationships, 6 and this rate is increasing, the lower contraceptive use rates in the Northeast (68%) show room for improvement (Table 3 ).
Need to prevent LBW
Reducing LBW prevalence from 8.5% to 7.0% will theoretically lead to an 8.3% decrease in infant mortality. However, baseline levels are already low and available interventions have limited efficacy, making this a difficult goal to achieve.
Since LBW babies are at a 10-fold greater risk of mortality, a more promising strategy may be target these infants for close follow-up activities by health services, a program that is already being implemented in some states. Further information on the effectiveness of these programs is required before they can be endorsed for wider use. For the time being, no additional investments in LBW prevention -other than those resulting from improving antenatal care and preventing smoking during pregnancy, as discussed above -are recommended.
CONCLUSION
Current levels of infant mortality are unacceptably high in the view of the economic potential of Brazil. Regional differences within the country are exceedingly large and ethically inadmissible.
Infant mortality levels have been falling since the 1970's but there is still scope for major reductions since current levels are about ten times higher than in the world's most developed countries.
1 Almost 60% of the infant deaths in Brazil are due to perinatal causes, and therefore the efforts to reduce infant mortality should contain a strong component of health actions aiming at preventing early neonatal deaths. 
